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@)  Laser  sensor  for  detecting  the  extended  state  of  an  object  in  continuous  motion. 

(57)  A  non-contact,  laser  detection  system  for  de- 
tecting  the  extended  state  of  an  object  in  con- 
tinuous  motion  such  as  a  drill  bit.  In  the  drill  bit 
embodiment,  the  detected  states  are  clean, 
clogged  and  broken.  In  the  laser  detection  sys- 
tem  (200),  a  first  signal,  indicative  of  energy 
reflected  from  the  surface  of  the  drill  bit,  is 
digitized  and  compared  to  a  first  threshold.  A 
second  signal,  indicative  of  amplified  energy 
reflected  from  the  drill  bit,  is  digitized  and 
compared  to  a  second  threshold.  The  digital 
signals  are  analyzed  by  a  computer  (202)  to 
detect  the  state  of  the  drill  bit. 
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Background  of  the  Invention 

Field  of  the  Invention 

5  The  present  invention  relates  to  industrial  type  non-contact  detection  systems  for  ascertaining  the  state 
of  an  object  in  a  machine  system.  More  specifically,  the  present  invention  relates  to  a  laser  detection  system 
for  ascertaining  the  state  of  rotating  objects  or  objects  in  some  other  continuous  repetitive  motion. 

Description  of  the  Prior  Art 
10 

The  development  of  machinery  for  automated  manufacturing  has  produced  many  benefits  to  mankind. 
More  specifically,  today,  the  manufacture  of  most  consumer  and  industrial  electronic  instruments  and  appli- 
ances  is  largely  automated.  During  the  manufacture  of  electronics  boards,  holes  must  be  precisely  drilled  in  a 
circuit  board  for  interconnecting  circuits  on  the  board  and  for  fastening  the  boards  to  a  chassis.  For  this  purpose, 

15  high  speed,  computerized  drilling  machines  rapidly  position  the  board,  hold  it  in  place,  and  drill  the  necessary 
holes. 

However,  problems  arise  when  a  drill  bit  breaks  during  the  drilling  operation  and  the  broken  bit  goes  un- 
detected.  If  the  broken  bit  is  not  detected,  the  drilling  machine  will  attempt  to  continue  drilling  holes  with  serious 
consequences.  On  the  one  hand,  if  the  drill  breakage  occurs  only  a  small  distance  from  the  tip  of  the  bit,  the 

20  drilling  machine  will  continue  to  drill  with  the  damaged  drill  bit,  thus  destroying  the  board  or,  at  best,  producing 
unacceptably  poor  quality  holes  and,  in  either  case,  this  may  require  the  defective  circuit  board  to  be  discarded. 
On  the  other  hand,  if  the  drill  breakage  occurs  at  a  greater  distance  from  the  drill  tip,  the  resultant  circuit  board 
will  lack  holes  which  were  to  be  created  in  the  drilling  process  subsequent  to  the  bit  being  damaged.  A  defective 
board  lacking  one  or  more  holes  may  be  recognized  during  a  post-inspection  process  and  the  missing  holes 

25  may  be  drilled.  However,  this  corrective  procedure  causes  a  significant  reduction  in  productivity. 
While  non-contact  systems  for  detecting  broken  bits  are  presently  available,  conventional  non-contact  sys- 

tems  are  typically  highly  affected  by  environmental  conditions  and  are  unable  to  be  conveniently  located  on 
the  drilling  system.  Presently  known  non-contact  detection  systems  include  those  using  light  emitting  diode 
(LED)  or  microwave  technologies,  both  of  which  are  highly  susceptible  to  environmental  conditions.  These  non- 

30  contact  detection  systems  do  not  utilize  the  benefits  of  the  continuous  repetitive  movement  of  the  object  to 
eliminate  error,  interference  and  the  effects  of  harsh  changing  environmental  conditions. 

Also,  many  available  detectors  are  required  to  be  located  very  close  to  the  object  and  at  an  angle  normal 
to  the  objects  motion.  Generally,  this  is  a  poor  location  and  subjects  the  detection  device  to  difficult  operating 
conditions.  In  a  drilling  machine  operation,  the  traditional  light  detection  systems  must  be  placed  in  a  ballistic 

35  path  of  the  debris  generated  by  the  drill  increasing  interferences  and  device  errors. 
LED  detection  systems  utilize  the  principle  of  light  occlusion  thus  requiring  the  object  being  detected  to 

be  directly  in  the  path  of  the  light.  On  drilling  systems,  this  necessitates  the  full  retraction  of  the  drill  bit  into  a 
pressure  foot  assembly.  This  full  retraction  after  each  hole  is  drilled  greatly  decreases  the  efficiency  of  the 
drilling  machine.  Also,  such  a  system  must  detect  small  fractional  signal  changes,  particularly  for  drills  with 

40  smaller  diameters.  However,  the  resulting  LED,  or  occlusion,  system  has  a  relatively  low  signal-to-noise  ratio 
making  such  signal  ranges  difficult  to  detect. 

Non-contact  microwave  detection  systems  operate  on  the  principle  that  the  presence  of  a  continuous  tar- 
get,  such  as  a  fine  drill,  in  or  near  the  end  of  the  waveguide  at  a  predetermined  location  produces  a  change 
in  the  standing  wave  ratio  (SWR)  of  the  transmitted  signal.  This  change  in  the  SWR  is  capable  of  being  detected 

45  by  a  receiver  to  provide  a  signal  that  is  indicative  of  the  target  condition.  These  microwave  systems  do  not 
operate  using  the  Doppler  principle  of  measured  frequency  change;  rather,  only  the  DC  component  of  the  signal 
is  utilized  by  such  detection  systems.  Hence,  the  frequency  components  of  the  output  signal  are  not  used. 

The  creation  of  a  resonant  microwave  cavity  and  the  detection  of  objects  entering  the  cavity  by  a  change 
in  the  SWR  is  affected  by  nearly  any  foreign  object  entering  the  resonant  cavity.  Thus,  such  a  system  is  prone 

so  to  interference  from  airborne  debris.  The  microwave  detection  systems  are  also  subject  to  interference  from 
the  copper  shavings  produced  during  the  drilling  of  copperlayers  in  printed  circuit  boards,  known  as  "drill-wrap", 
and  system  to  system  variations. 

In  addition,  all  elements  in  or  surrounding  the  microwave  cavity  must  remain  constant.  The  components 
making  up  the  cavity  cannot  be  moved  without  making  changes  or  adjustment  to  the  microwave  detection  de- 

55  vice.  The  microwave  detection  system  is  not  easily  adaptable  from  system  to  system  and  adjustments  or  va- 
riations  may  be  needed  depending  on  the  objects  in  and  around  the  cavity  created  by  each  host  system. 

The  microwave  detection  systems  produce  small  signal  changes  from  the  object-present  state  to  the  ob- 
ject-not-present  state  which  are  analyzed  by  the  system's  comparator.  Using  a  small  signal  change  greatly 
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increases  the  possibility  of  error  by  the  microwave  system. 
In  addition  to  the  aforesaid  disadvantages  of  the  presently  known  drill  bit  detections  systems,  these  sys- 

tems  do  not  detect  when  a  drill  bit  is  clogged.  Because  of  the  environmental  affects  on  LED  detection  systems, 
and  the  resulting  low  signal-to-noise  ratio,  it  is  difficult  to  obtain  a  signal  that  is  measurably  indicative  of  the 

5  varying  reflectivity  of  a  spinning  drill  bit.  It  will  also  be  appreciated  that  the  present  microwave  systems  utilize 
only  the  DC  component  of  the  reflected  signal  and,  therefore,  do  not  take  into  account  the  frequency  of  the 
reflected  signal. 

Many  of  the  disadvantages  of  the  LED  and  microwave  systems  have  been  overcome  by  the  advent  of  a 
laser  detection  system  which  detects  fluctuating  light  reflected  from  a  drill  bit.  Such  a  laser  detection  system 

10  is  presently  included  in  the  Concept  1  &  4,  MVI  and  MVII  drilling  machines  manufactured  by  Excellon  Automa- 
tion  of  Torrance,  California.  Nevertheless,  while  the  present  laser  detection  system  is  advantageous  for  de- 
tecting  the  presence  or  absence  of  a  drill  bit,  it  does  not  detect  whether  a  drill  bit  is  clogged. 

Adrill  bit  may  be  become  clogged,  for  example,  when  "green"  printed  circuit  boards  are  being  drilled.  Circuit 
boards  are  typically  formed  from  an  epoxy  resin  material  which  must  be  cured.  Therefore,  a  green,  or  incom- 

15  pletely  cured,  board  contains  tacky  material  that  may  stick  to  the  drill  bit  during  drilling.  A  drill  bit  may  also  be- 
come  clogged  when  the  feed  rate  of  the  drill  bit  is  too  low.  That  is,  if  the  axial  motion  of  the  bit  through  the 
work  is  too  slow,  the  drill  bit  will  heat  up,  heating  surrounding  board  material  by  conduction,  and  again  providing 
a  means  for  tacky  material  to  be  deposited  in  the  flutes  of  the  drill  bit.  A  clogged  bit  has  a  reduced  reflective 
surface  area  that  causes  the  present  laser  detection  system  to  sometimes  indicate  that  the  drill  bit  is  broken. 

20  Regardless  of  how  material  is  deposited  in  the  flutes,  it  is  often  important  to  distinguish  between  a  clogged 
drill  bit  and  a  broken  drill  bit. 

In  general,  when  a  drill  bit  breaks,  the  drilling  of  a  circuit  board  must  stop  until  the  drill  bit  is  replaced.  On 
the  other  hand,  when  a  drill  bit  is  clogged,  the  drilling  process  need  not  necessarily  stop.  Oftentimes,  the  drill 
bit  will  clog  but  it  is  unnecessary  to  clean  the  drill  bit  until  many  boards  have  been  drilled.  Therefore,  if  the  bit 

25  detection  system  cannot  distinguish  between  whether  a  bit  is  broken  or  just  clogged,  drilling  time  is  lost  due 
to  unnecessary  delays  in  checking  clogged  bits.  It  is  also  vital  to  provide  the  user  of  the  drilling  machine  with 
the  option  of  either  stopping  the  machine  or  continuing  the  drilling. 

Consequently,  a  need  exists  for  a  drill  bit  detection  system  which  can  accurately  detect  the  state  of  an  un- 
broken  drill  bit.  Of  present  significance,  the  drill  bit  should  be  determined  to  be  clean,  clogged  or  broken.  In 

30  addition,  if  the  drill  bit  is  clogged,  the  operator  of  the  drilling  machine  should  be  given  the  option  to  stop  or 
continue  drilling. 

Summary  of  the  Invention 

35  The  present  invention,  which  satisfies  the  aforementioned  needs,  includes  a  non-contact  laser  detection 
system  which  detects  fluctuating  light  reflected  from  an  object  in  continuous  motion  and  determines  the  ex- 
tended  state  of  the  object.  The  system  is  particularly  useful  for  detecting  the  state  of  a  particular  tool  or  portion 
thereof  in  an  automated  machine,  thereby  providing  the  capability  to  detect  breakage  of  or  other  problems  with 
such  a  tool  during  the  course  of  an  automated  operation.  Due  to  the  invention's  ability  to  accurately  and  re- 

40  peatedly  detect  a  moving  object  even  in  the  least  conducive  environments,  it  is  ideal  for  industrial  applications. 
One  preferred  use  of  the  non-contact  laser  based  detection  system  is  to  detect  the  state  of  a  drill  bit  on 

an  automated  drilling  machine.  Large  fluctuating  electronic  signals  are  produced  by  projecting  a  laser  beam 
near  the  tip  of  the  drill  bit  and  collecting  the  light  reflected  by  the  concave  surfaces  of  the  drill  bit  flute  with  a 
photodetector.  By  obtaining  a  thresholded  signal  and  an  amplified,  thresholded  signal,  the  state  of  a  drill  bit 

45  can  be  determined  as  either  clean,  clogged  or  broken. 
In  another  aspect  of  the  invention,  a  signal  is  detected  from  energy  reflected  from  an  object  in  continuous, 

repetitive  motion.  The  signal  level  of  the  frequency  of  the  signal  is  detected.  Also,  the  signal  is  amplified,  and 
the  signal  level  of  the  frequency  of  the  amplified  signal  is  detected.  The  detected  signal  and  detected  amplified 
signal  levels  are  then  processed  to  determine  the  extended  state  of  the  object  which  may  be  one  of:  object 

so  present  and  clean,  object  present  and  unclean,  and  object  absent. 
In  another  aspect  of  the  invention,  a  drill  bit  sensor  includes  a  means  for  sensing  light  reflected  from  the 

flutes  of  a  rotating  drill  bit.  One  signal  means  detects  the  presence  or  absence  of  a  drill  bit.  Another  signal 
means  detects  whether  the  flutes  of  the  drill  bit  are  clogged.  The  signal  means  may  be  connected  to  one  an- 
other. 

55  Yet  another  aspect  of  the  invention  is  a  method  of  rotating  bit  detection  wherein  reflected  light  received 
from  the  bit  is  processed  so  as  determine  whether  the  bit  is  clogged  or  broken.  The  invention  may  also  include 
a  method  of  detecting  the  state  of  an  object  in  rotational  motion  wherein  the  object  is  tracked  by  a  first  signal 
which  is  thresholded,  a  second  signal  is  obtained  from  the  first  signal  and  the  second  signal  is  thresholded, 
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and  a  comparison  is  made  of  the  thresholded  signals  to  detect  the  presence  of  a  material  on  the  object.  Lastly, 
in  a  drilling  machine  having  a  non-contact  laser  detection  system,  the  invention  includes  electronics  for  detect- 
ing  when  a  drill  bit  is  clogged. 

5  Brief  Description  of  the  Drawings 

Figure  1  is  a  fragmentary,  front  elevational  view  of  an  automated  circuit  board  drilling  machine  having  a 
laser  detection  system  mounted  thereon; 
Figure  1a  is  an  enlarged,  fragmentary  view  of  a  printed  circuit  board  mounted  on  an  automated  circuit  board 

10  drilling  machine  with  a  hole  drilled  into  the  board; 
Figure  2  is  a  cutaway  side  view  of  the  pressure  foot  assembly  taken  along  the  line  2-2  in  Figure  1  ; 
Figure  3  is  a  schematic  diagram  depicting  a  drill  bit  and  the  laser  detection  system; 
Figure  3a  is  a  top  schematic  view  of  the  optical  components  of  the  laser  detection  system  taken  along  the 
line  3-3  in  Figure  3; 

15  Figure  4  is  a  top  schematic  view  of  the  laser  detection  system  including  the  sensor  electronics; 
Figure  5  is  a  schematic  of  the  sensor  electronics  controlling  the  output  of  the  laser  diode; 
Figure  6  is  a  schematic  of  the  sensor  electronics  which  amplify  the  output  of  the  photodetectorand  produce 
a  beam  detect  signal  when  the  presence  of  a  drill  bit  is  sensed; 
Figure  7  is  a  schematic  of  the  sensor  electronics  for  amplified  signal  detection; 

20  Figure  8  is  a  waveform  diagram  of  four  signals  generated  by  the  sensor  electronics  of  Figures  6  and  7 
when  the  drill  bit  is  not  broken  and  the  flutes  are  clean; 
Figure  9  is  a  waveform  diagram  of  four  signals  generated  by  the  sensor  electronics  of  Figures  6  and  7 
when  the  drill  bit  is  not  broken  and  the  flutes  are  clogged;  and 
Figure  10  is  a  waveform  diagram  of  four  signals  generated  by  the  sensor  electronics  of  Figures  6  and  7 

25  when  the  drill  bit  is  broken. 

Description  of  the  Preferred  embodiment 

Reference  is  now  made  to  the  drawings  wherein  like  numerals  refer  to  like  parts  throughout.  In  general, 
30  Figures  1-6  refer  to  a  prior  art  laser  detection  system  which  will  hereinafter  be  described  so  as  to  facilitate  an 

understanding  of  the  present  invention. 
Figure  1  shows  a  drilling  machine,  generally  indicated  at  14,  for  drilling  holes  in  circuit  boards.  The  auto- 

mated  drilling  of  holes  in  circuit  boards  is  typically  accomplished  by  mounting  a  circuit  board  44  (Figure  1a)  to 
a  servo  motor  driven  worktable  16  of  an  automated  circuit  board  drilling  machine  14  which  is  controlled  by  a 

35  computer  202  (Figure  7).  Examples  of  such  machines  are  the  CONCEPT  IV  drilling  and  routing  systems  man- 
ufactured  by  Excellon  Automation  of  Torrance,  California. 

The  circuit  board  44  is  accurately  positioned  on  a  worktable  16  below  a  spindle  assembly  18  which  rotates 
a  drill  bit  42  at  speeds  varying  from  approximately  15,000  to  100,000  rpm.  To  eliminate  any  problems  caused 
by  warpage  of  the  circuit  board  44  during  the  drilling  process,  a  pressure  foot  34  applies  a  force  of  about  sixty 

40  pounds  on  the  circuit  board  44  to  ensure  that  good  contact  is  maintained  between  the  circuit  board  44  and  the 
worktable  16.  The  pressure  foot  34  also  contains  a  vacuum  system  (not  shown)  to  remove  dust  and  debris  gen- 
erated  by  the  action  of  the  drill  42.  The  spindle  assembly  18  and  the  pressure  foot  34  are  lowered  and  the 
rotating  drill  bit  42  forms  a  hole  52  in  the  circuit  board  44.  The  entire  drilling  process  is  usually  coordinated  by 
the  computer  202  (Figure  7)  and  runs  at  speeds  of  about  five  holes  per  second. 

45  The  computer  202  controls  such  things  as  positioning  of  the  worktable  16  feed  rates  of  the  board  44,  ro- 
tational  speed  of  the  drill  bit  42  (e.g.  rpm),  automatic  changes  of  the  drill  bit  42,  and  diameter  verification  of 
the  drill  bit  42.  The  need  for  small  pads,  thin  conductor  lines,  and  narrow  line  spacings  in  printed  circuit  boards 
requires  automated  circuit  board  drilling  machines  to  have  the  ability  to  drill  numerous  small  to  large  high  quality 
holes  of  varying  diameters  ranging  from  .004  to  .250  inches.  Following  the  lowering  of  the  drill  bit  42  to  create 

so  a  circuit  board  hole  52  (Figure  1a),  the  drill  bit  42  and  pressure  foot  34  are  retracted  and  the  circuit  board  44 
is  automatically  repositioned  so  that  the  next  hole  may  be  drilled. 

Because  the  automated  drilling  machine  14  rapidly  drills  the  necessary  holes,  at  a  rate  of  five  per  second, 
it  is  not  possible  for  a  person  to  visually  inspect  the  tip  of  the  drill  bit  42  to  see  if  it  has  been  broken  or  damaged 
and  attempt  to  stop  the  machine  14.  Therefore,  automated  or  non-contact  methods  were  initially  developed, 

55  using  microwave  and  light  occlusion  techniques,  to  automatically  check  and  react  to  broken  and  damaged  drill 
bits. 

Non-contacting  light  detection  systems  traditionally  operate  on  the  premise  of  projected  light  being  occlud- 
ed  by  the  object  desired  to  be  detected  and  not  by  light  reflection  from  the  object.  For  a  light  occlusion  system, 
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the  smaller  the  laser  beam  is  with  respect  to  the  drill,  the  larger  the  fractional  change  in  detected  signal  be- 
comes.  The  problem  with  the  light  occlusion  system  (or  LED  system)  is  that  the  focused  beam  diameter  is  much 
larger  than  the  smallest  diameter  drill.  For  the  smaller  diameters  a  very  small  fractional  change  in  detected 
light  must  be  sensed  accurately.  In  a  light  occlusion  system,  any  foreign  objects  in  the  path  of  the  light  will 

5  also  block  of  occlude  the  beam  and  possibly  give  a  false  reading  that  the  object  is  present.  Occlusion  systems 
are  also  based  on  a  steady  light  signal.  Steady  state  light  detectors  have  been  plagued  by  problems  from  dust, 
debris  and  other  environment  conditions.  A  system  which  detects  fluctuating  light,  such  as  the  reflected  light 
system  described  in  connection  with  the  present  invention  eliminates  nearly  all  interference  from  dust,  debris 
and  ambient  light. 

10  As  shown  in  Figures  1  and  3  and  other  drawings,  the  present  invention  uses  a  laser  detection  sensor  12 
to  monitor  the  state  of  the  drill  bit  42.  Of  course,  other  rotating  objects,  such  as  router  bits,  may  also  benefit 
from  the  present  invention.  The  use  of  a  laser  instead  of  a  traditional  incoherent  light  source  greatly  increases 
the  sensitivity  and  accuracy  of  the  detection  system.  Traditional  light  detection  systems  have  smaller  fractional 
signal  changes  from  the  object-  present  state  to  the  object-not-present  state  than  the  present  invention.  Util- 

15  izing  an  LED  light  source  detector  on  drill  bit  42  diameters  ranging  from  .004  to  .250  inches,  the  light  will  be 
only  partially  occluded  by  the  finer  drill  bits  42.  Therefore,  use  of  this  method  requires  differentiation  between 
small  fractional  signal  changes  from  the  object-  present  state  to  the  object-not  -present  state.  A  laser  60  is  able 
to  produce  a  more  intense  concentration  of  energy  in  the  region  of  the  drill  tip  than  either  standard  LED  or  a 
microwave  device.  Use  of  a  laser  beam  focused  on  a  particular  point  of  the  moving  object  such  as  the  tip  of 

20  the  drill  bit  42,  which  reflects  a  signal  back  to  the  detector  if  the  drill  bit  tip  is  present,  but  does  not  if  the  drill 
bit  is  gone,  greatly  assists  in  producing  a  large  ratio  of  signal  change  from  the  object-present  to  the  object- 
not-present  state. 

Referring  more  specifically  to  the  embodiment  of  a  laser  detection  system  shown  in  Figure  1  ,  a  sensor,  or 
laser  detection  system  12  for  the  non-contact  laser  detection  of  a  drill  bit  42  is  depicted  in  conjunction  with  an 

25  automated  circuit  board  drilling  machine  14.  The  drilling  machine  14  includes  the  worktable  16  which  can  ac- 
commodate  a  plurality  of  circuit  boards  44  (Figure  1a)  to  be  drilled,  a  drill  or  spindle  assembly  18,  and  a  drill 
vertical  positioning  motor  and  lead  screw  assembly  24.  A  control  module  (not  shown)  includes  the  electronic 
circuity  for  precise  three  dimensional  position  of  the  drill  bit  42  in  relation  to  the  worktable  16,  and  error  control 
circuitry  (not  shown)  halts  the  drilling  process  when  an  error  is  detected  by  the  sensor.  The  drill  assembly  18 

30  includes  a  drill  case  28,  a  spindle  30,  a  collet  32,  the  drill  bit  42,  and  the  pressure  foot  34.  The  pressure  foot 
34  includes  the  pressure  plate  36  and  two  pressure  bearing  piston  and  cylinder  assemblies  38,  40.  The  de- 
tachable  drill  bit  42  is  carried  by  the  drill  collet  32.  The  drill  vertical  positioning  piston  and  cylinder  assembly 
24  retracts  the  drill  bit  42  after  a  hole  has  been  drilled. 

The  drilling  sequence  starts  by  loading  a  drill  bit  of  a  selected  diameter  in  the  drill  collet  32.  The  drilling 
35  machine  14  then  proceeds  to  drill  a  number  of  holes  in  the  circuit  board  44  (Figure  1a)  at  various  locations  on 

the  board.  Upon  completion  of  this  operation,  another  drill  bit  of  possibly  different  diameter  is  loaded  in  the 
collet  32  and  the  process  is  repeated  until  all  holes  are  drilled  in  the  circuit  board  44.  Problems  arise  when  the 
drill  bit  42  either  breaks  or  is  missing  during  the  drilling  operation. 

Referring  to  Figure  1a,  the  printed  circuit  board  44  is  shown  positioned  between  the  upper  surface  of  the 
40  worktable  16  and  the  pressure  plate  36.  The  printed  circuit  board  44  includes  an  electrically  nonconducting 

substrate  46  and  a  plurality  of  conducting  lines  48  positioned  within  the  substrate  46  in  a  plurality  of  conducting 
layers  48a,  48b,  48c,  48d.  The  drill  bit  42  is  depicted  in  Figure  1  as  being  withdrawn  from  a  drill  bit  passage 
aperture  50  of  pressure  plate  36  after  drilling  a  hole  at  52  to  connect  conducting  layers  48a,  48b,  48c. 

Figure  2  shows  the  pressure  foot  assembly  34  in  more  detail  including  the  laser  detection  system  12.  The 
45  laser  detection  system  12  is  positioned  such  that  a  projected  laser  beam  is  in  direct  line  of  sight  with  the  tip  of 

the  drill  bit  42  after  the  drill  bit  42  has  completed  drilling  and  has  been  minimally  retracted  into  the  pressure 
foot  assembly  34.  by  mounting  the  sensor  12  inside  the  pressure  foot  34  and  projecting  the  laser  beam  near 
the  tip  of  the  drill  bit  42,  the  presence  of  the  drill  tip  may  be  verified  after  each  drilling  stroke. 

As  shown  generally  in  Figures  2  and  3,  the  preferred  detection  system  minimizes  the  distance  required 
so  for  the  drill  bit  42  to  be  retracted  by  projecting  the  laser  beam  down  the  axis  of  rotation  forming  an  angle  that 

is  approximately  25  degrees  above  a  normal  to  the  axis,  thus  being  positioned  at  an  oblique  angle  to  the  axis 
of  the  drill  18.  It  is  preferred  that  the  angle  be  over  90  degree  from  the  axis  to  about  120  degrees.  Hence,  in- 
creased  drilling  machine  throughput  is  obtained  by  projecting  the  laser  beam  and  sensing  the  reflected  light 
at  an  angle  oblique  to  the  drill  axis  of  revolution.  When  the  drill  assembly  18  retracts  as  shown  in  Figure  1a, 

55  debris  and  copper  shavings  produced  during  drilling  enter  the  cavity  formed  in  the  pressure  foot  34.  Projection 
at  normal  incidence,  as  was  done  with  some  past  designs,  complicates  vacuum  design  since  the  optics  would 
then  be  located  in  a  direct  ballistic  path  of  the  debris  generated  by  the  drill  bit  42. 

Now  referring  specifically  to  Figure  2,  a  pair  of  positioning  dowels  80  and  82  located  inside  the  pressure 
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foot  34  provide  alignment  for  the  sensor.  Support  screws  84  and  86  which  hold  the  detection  device  12  in  place 
are  located  at  the  top  of  the  pressure  foot  assembly  34.  Light  pathways  88  and  90  are  machined  through  pres- 
sure  foot  34  to  provide  direct  lines  of  sight  to  the  drill  bit  42  for  a  light  source  60  and  a  photodetector  70. 

The  laser  diode,  lenses,  filters,  and  sensor  head  electronics  are  housed  in  a  mechanical  mount  which 
5  serves  as  the  sensor  body  12.  The  sensor  body  may  be  an  integral  part  of  the  drilling  machine  pressure  foot 

34  or  a  modular  unit  mounted  in  the  pressure  foot  34. 
Figure  3  is  a  schematic  representation  showing  the  drill  42  and  the  sensor  12  in  more  detail.  Figure  3a 

illustrates  the  optical  components  of  the  sensor  12.  As  shown  in  Figures  3  and  3a,  focusing  optics  take  the 
output  of  a  laser  diode  60  and  project  light  onto  the  drill  bit  42.  The  light  from  the  laser  diode  60  is  projected 

10  through  stripe  projecting  optics  64  and  onto  the  drill  bit  42. 
Utilizing  a  focused  laser  also  allows  the  light  source  to  be  located  further  from  the  object  giving  greater 

immunity  to  environmental  conditions  and  greaterflexibility  in  machine  design.  The  focused  laser  light  reflects 
off  the  concave  flute  surfaces  66  of  the  drill  bit  42.  The  utilization  of  the  concave  surface  of  the  drill  bit  flutes 
66  also  assists  in  enabling  the  sensor  12  to  be  more  conveniently  located  or  moved.  The  ability  to  locate  the 

15  sensor  12  away  from  the  object  in  motion  and  away  from  a  ballistic  debris  path  makes  the  sensor  12  less  sus- 
ceptible  to  environmental  interferences.  The  reflected  light  is  then  collected  and  collimated  by  a  receiving  lens 
74,  filtered  by  an  optical  filter  72,  and  collected  by  a  solid  state  photodetector  70.  The  optical  filter  72  blocks 
ambient  visible  illumination  from  reaching  the  photodetector  70  while  allowing  the  near-infrared  light  from  the 
laser  diode  60  to  be  collected  by  the  photodetector  70.  A  cable  78  to  the  computer  202  (Figure  7)  is  also  con- 

20  nected  to  the  sensor  12  allowing  various  electrical  signals  to  be  sent  and  received  by  the  sensor  12.  One  of 
the  signals  which  travels  on  the  cable  78  is  the  beam  detect  signal.  The  beam  detect  signal  is  generated  each 
time  a  drill  bit  flute  66  is  detected.  The  drill  bit  42  is  considered  broken  or  absent  when  the  beam  detect  signal 
does  not  change  states  for  a  period  of  time  which  comprises  at  least  one  complete  drill  revolution. 

In  order  to  accommodate  a  wide  range  of  drill  bit  diameters,  the  sensor  optics  may  project  a  stripe  of  light 
25  onto  the  drill  bit  42.  This  will  ensure  that  there  will  be  at  least  one  point  per  flute  66  on  the  drill  bit  42  which 

will  reflect  light  back  to  the  photodetector  70.  Optical  alignment  is  also  less  critical  when  using  a  stripe  of  light. 
To  generate  a  stripe  of  light,  the  focusing  optics  64  may  incorporate  cylindrical  or  toric  elements.  Stripe  pro- 
jection  dimensions  of  approximately  0.004  inches  in  height  and  0.020  inches  in  width  appear  preferable.  For 
a  fixed  output  of  the  laser  diode  60  the  larger  the  stripe  the  lower  the  optical  power  density  at  the  point  of  best 

30  reflection  on  the  drill  bit  42.  The  optical  power  density  at  a  point  in  the  stripe  will  be  lower  than  it  would  be  for 
a  spot  of  light.  This  results  in  less  received  optical  signal  at  the  detector  70. 

When  light  is  projected  at  an  angle  normal  to  the  drill  axis,  the  laser  beam  is  preferably  focused  at  or  about 
the  drill  axis.  When  the  light  is  projected  at  an  oblique  angle  with  respect  to  the  drill  axis  of  revolution,  which 
is  a  preferred  embodiment,  the  photodetector  70  receives  the  largest  signal  when  the  light  is  reflected  from  a 

35  point  on  the  concave  drill  bit  flute  surface  66  which  is  slightly  off  the  drill  axis.  The  best  reflection  point  is  a 
function  of  the  laser  beam  projection  angle,  the  drill  bit  helix  angle,  and  the  diameter  of  the  drill  bit  42.  For  a 
fixed  drill  bit  helix  angle  and  a  fixed  laser  beam  projection  angle,  the  best  reflection  point  is  further  away  from 
the  drill  bit  axis  for  large  diameter  drill  bits  than  it  is  for  smaller  diameter  drill  bits. 

A  large  fluctuating  signal  is  thus  produced  as  the  drill  bit  42  rotates.  The  laser  beam  is  reflected  from  each 
40  of  the  two  flute  surfaces  66  of  the  rotating  drill  42  to  the  detector  70,  giving  an  oscillating,  or  AC,  signal  whose 

frequency  is  directly  related  to  the  frequency  of  rotation  of  the  drill  bit.  Thus,  the  presence  of  the  oscillating 
signal  of  laser  light,  at  the  predetermined  frequency,  can  be  sensed.  Other  frequencies,  including  DC  or  am- 
bient  light,  can  be  optically  and  electronically  filtered  as  described  below.  The  absence  of  such  an  AC  signal, 
of  course,  means  the  top  of  the  drill  bit  42  has  been  broken  or  damaged. 

45  The  optical  components  and  sensor  head  electronics  are  housed  in  a  mechanical  mount  which  serves  as 
the  sensor  body  12  as  shown  in  Figure  4.  Figure  4  schematically  shows  the  details  of  the  sensor  body  12  and 
its  relation  to  the  drill  bit  42.  The  sensor  body  12  houses  the  optics  including  the  laser  diode  60,  source  lens 
76,  stripe  projecting  optics  64,  photodetector  70,  optical  filter  72,  and  receiver  lens  74.  The  sensor  body  12 
also  houses  the  electronics  of  Figures  5,  6  and  7,  which  will  be  described  hereinbelow.  The  cable  78  is  con- 

50  nected  to  the  sensor  12  allowing  various  electrical  signals  to  be  sent  and  received  from  the  computer  202  (Fig- 
ure  7). 

As  is  shown  in  Figure  4,  the  lenses  are  not  projecting  and  receiving  in  parallel  paths  to  each  other  but  form 
an  angle.  This  angle  can  range  from  0  to  90  degrees  when  the  lenses  are  in  the  same  horizontal  plane.  The 
source  lens  76  and  stripe  projecting  optics  64  shown  in  Figure  4  may  be  combined  into  a  single  toric  shaped 

55  optical  element. 
The  sensor  electronics  shown  in  Figures  5  and  6  control  the  laser  power,  amplify  the  output  of  the  photo- 

detector  70,  and  produce  the  beam  detect  signal  when  the  presence  of  a  drill  bit  42  is  sensed. 
The  integrated  circuit  110  in  Figure  5  controls  the  output  power  of  the  laser  diode  60.  The  output  of  a  pho- 
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todiode  112,  which  is  packaged  with  a  laser  diode  114,  is  used  as  feed  back  to  the  integrated  circuit  110  to  main- 
tain  constant  optical  power.  A  programming  resistor  116  adjusts  the  output  power  of  the  laser  diode  114. 

Figure  6  shows  the  electronics  which  convert  the  light  falling  on  the  photodetector  70  to  a  signal  that  the 
drill  bit  42  was  sensed.  Atransimpedance  amplifier  126  is  used  to  generate  a  voltage  proportional  to  the  amount 

5  of  light  falling  on  a  photodetector  diode  128.  A  blocking  capacitor  130  allows  only  fluctuating  voltage  signals 
to  be  applied  to  the  input  of  a  comparator  1  36.  When  the  level  of  this  fluctuating  voltage  exceeds  the  threshold 
voltage  level  established  by  the  voltage  divider  network  of  a  pair  of  resistors  132  and  134,  the  output  of  the 
comparator  136,  indicates  that  a  drill  bit  was  sensed.  The  output  of  the  comparator  136  is  sent  to  the  computer 
202  (Figure  7)  along  a  line  78  so  that  if  the  output  of  the  comparator  136  indicates  that  the  drill  bit  42  has  not 

10  been  detected,  corrective  action  may  be  taken. 
In  a  more  elaborate  implementation,  the  signal  can  be  sampled  and  the  samples  processed  in  a  detector 

that  is  coherent  to  the  frequency  of  rotation.  If  the  drill  bit  42  has  a  frequency  of  rotation  that  is  known,  for  ex- 
ample  from  an  electrical  feedback  mechanism  (such  as  a  tachometer)  attached  to  the  spindle  assembly  18, 
an  adjustable  electronic  filter  can  be  implemented  such  that  the  detector  looks  for  signals  only  around  a  narrow 

15  band  of  frequencies  centered  at  the  drill  bit's  42  frequency  of  rotation.  This  has  the  effect  of  reducing  the  elec- 
trical  noise  bandwidth  and  hence  increasing  the  electrical  signal-to-noise  ratio. 

Since  the  laser  source  60  can  concentrate  a  large  amount  of  energy  on  a  small  area  of  the  drill  tip,  large 
fractional  signal  changes  occur  at  the  detector  70  when  a  drill  tip  breaks.  Also,  because  the  output  of  the  de- 
tector  70  is  electronically  filtered  such  that  only  fluctuating  (AC)  signals  are  considered,  the  sensor  12  becomes 

20  immune  to  changes  in  the  background  light  level. 
Note  that,  in  the  present  invention,  an  analog  beam  signal  is  provided  from  the  beam  detection  circuit  of 

Figure  6  by  the  amplifier  126,  and  the  signal  is  fed  to  a  line  142  where  it  is  processed  by  the  circuit  of  Figure 
7. 

Figure  7  is  a  schematic  of  a  flute  detection  circuit  200  of  the  present  invention.  The  detection  circuit  200 
25  is  provided  with  a  switch  select  signal  from  the  computer  202  via  a  line  78b  and  an  analog  beam  signal  from 

the  beam  detect  circuit  of  Figure  6  via  the  line  142.  The  detection  circuit  200  generates  a  flute  state  signal  to 
the  computer  202  across  a  line  78c.  The  computer  202  processes  the  beam  detect  signal  (fed  across  the  line 
78a)  and  the  flute  detect  signal  to  arrive  at  an  extended  state  of  the  drill  bit  42  (Figure  1)  which  is  displayed 
on  a  video  display  204. 

30  As  discussed  hereinabove,  the  prior  art  laser  detection  system  determines  the  state  of  an  object  in  con- 
tinuous  motion  as  to  one  of  the  following:  presence  or  absence.  In  a  drilling  machine  embodiment,  these  states 
correspond  to  drill  bit  normal  and  drill  bit  broken.  However,  if  a  drill  bit  becomes  clogged  with  foreign  material, 
the  prior  art  system  may  provide  a  false  detected  state  that  the  drill  bit  is  broken. 

The  false  detection  of  a  broken  bit  is  principally  due  to  the  fact  that  when  the  flutes  of  the  bit  are  clogged 
35  with  circuit  board  material,  such  as  epoxy  resin,  the  reflective  characteristic  of  the  drill  bit  flutes  is  lowered  to 

the  point  that  the  beam  detection  circuitry  does  not  generate  a  significant  signal  change  to  identify  the  flutes. 
That  is,  the  voltage  of  the  detected  signal  does  not  exceed  the  predetermined  threshold  value.  In  many  in- 
stances,  the  misidentification  of  a  broken  drill  bit  leads  to  a  loss  of  drilling  machine  utilization  while  the  machine 
is  halted  to  check  and  clean  the  drill  bit.  Therefore,  it  is  a  major  objective  of  the  present  invention,  in  a  drilling 

40  machine  embodiment,  to  provide  an  extended  drill  bit  state  selected  from  the  following  set:  (1)  drill  bit  normal, 
(2)  drill  bit  broken  and  (3)  drill  bit  clogged. 

Now  referring  back  to  Figure  7,  the  analog  beam  signal  received  by  the  circuit  200  via  the  line  142  is  am- 
plified,  in  the  presently  preferred  embodiment,  by  an  analog  buffer  amplifier  (not  shown)  to  compensate  for 
the  attenuation  of  the  signal  between  the  circuits  of  Figures  6  and  7  which  are  preferably  located  on  different 

45  printed  circuit  boards.  The  beam  signal  is  low  pass  filtered  across  a  resistor-capacitor  or  RC  filter  206,  208, 
i.e.,  the  high  frequency  components  of  the  signal  are  removed.  The  beam  signal  is  then  fed  to  an  AC  coupling 
capacitor  210.  The  AC  coupling  capacitor  210  blocks  the  DC  component  of  the  signal  and  passes  the  AC  com- 
ponents. 

The  beam  signal  is  then  fed  from  the  capacitor  210  to  the  inverting  (-)  input  of  an  operational  amplifier 
so  214  through  a  resistor  212.  A  resistor  236  is  the  feedback  element  of  the  amplifier  circuit.  The  ratio  of  the  two 

resistors  212,  236  will  determine  the  gain  of  the  amplifier  21  4.  A  resistor  21  6,  connected  between  ground  and 
the  non-inverting  (+)  input  of  the  amplifer  214,  minimizes  bias  and  offset  current  effect.  The  amplifier  214  is 
preferably  chosen  so  as  to  amplify  the  low  frequency  components  of  the  beam  signal  by  a  factor  of  at  least 
100.  The  amplified  beam  signal  is  then  fed  through  a  resistor  218  to  the  positive  input  of  a  comparator  220, 

55  which  is  a  part  of  a  thresholding  circuit. 
The  thresholding  circuit  includes  the  comparator  220,  which  provides  a  digital  signal  output.  The  compar- 

ator  220  is  fed  a  negative  threshold  voltage  by  the  voltage  divider  network  comprising  a  resistor  222  (directly 
connected  to  negative  power),  and  a  resistor  224  (directly  connected  to  ground).  A  capacitor  226  is  connected 
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in  parallel  with  the  resistor  224  to  provide  low  pass  filtering  of  the  threshold  signal.  The  thresholding  circuit 
also  includes  a  second  resistor  228  which  is  located  across  the  positive  voltage  input  and  the  output  of  the 
comparator  220.  The  resistors  228,  218  serve  to  mitigate  a  characteristic  hysteresis  in  the  comparator  220 
when  the  amplified  beam  signal  has  a  voltage  that  is  close  to  the  threshold  value.  Athreshold  voltage  of  -.67V 

5  is  presently  preferred,  although  one  skilled  in  the  technology  will  understand  that  the  threshold  will  vary  ac- 
cording  to  the  parameters  of  the  particular  circuit  220  embodying  the  invention.  The  thresholding  circuit  also 
includes  a  pull-up  resistor  230  that  is  coupled  between  a  positive  power  input  and  the  output  of  the  comparator 
220. 

During  normal  operation  the  digital  beam  signal  provided  on  the  line  78a  is  connected  via  a  jumper  247 
10  from  pin  3  to  pin  2,  which  is  connected  to  input  Aof  a  multiplexer  248.  Input  B  of  the  multiplexer  248  is  connected 

to  the  output  of  the  comparator  220  carrying  the  flute  detect  signal.  The  computer  202  will  connect  via  line 
78b  first  the  beam  detect  signal  and  then  the  flute  detect  signal  to  the  input  of  a  one  shot  244  and  monitor  the 
output  of  the  one  shot  244  across  a  line  78c  at  the  appropriate  time. 

Instead  of  using  the  fixed  thresholded  beam  detect  signal  via  the  line  78a,  jumpering  247  pins  2  to  1  will 
15  allow  the  circuit  to  generate  an  adjustable  threshold  for  an  equivalent  beam  detect  signal.  If  the  computer  202 

selects  output  A  of  the  multiplexer  248,  an  analog  switch  232  closes,  connecting  a  feedback  resistor  234  in 
parallel  with  the  high  gain  feedback  resistor  236.  The  gain  of  this  amplifier  214  is  now  determined  by  the  ratio 
of  the  parallel  resistance  of  the  resistor  234  and  the  resistor  236,  and  the  input  resistor  212.  Adjusting  the  gain 
of  the  amplifier  214  would  be  equivalent  to  changing  the  threshold  of  the  comparator  220.  Acapacitor238  func- 

20  tions  as  a  low  pass  filter.  A  pair  of  zener  diodes  240,  242  provide  a  voltage  clamp  to  limit  the  voltage  of  the 
circuit  200.  This  method  of  operation  may  be  desirable  to  detect  clogged  drills  of  larger  size,  for  example,  a  .030 
inch  bit,  which  tend  to  produce  an  analog  beam  detect  signal  142  of  larger  amplitude  even  for  clogged  drills. 

This  implementation  uses  two  thresholds  to  differentiate  between  clean,  clogged,  and  broken  drills.  It 
should  be  apparent  that  there  are  many  ways  the  difference  between  signals  250  (Figure  8)  and  250'  (Figure 

25  9)  can  be  detected.  For  instance,  one  such  way  would  be  to  detect  the  peak  of  signal  250  and  250',  feed  it 
through  an  analog  to  digital  converter  to  the  computer  202  and  to  let  a  software  algorithm  analyze  the  condition 
of  the  drill. 

Now,  returning  in  the  discussion  to  the  comparator  220,  the  resulting  output  is  a  digital  or  pulsed  signal 
having  high  and  low  voltage  levels.  This  digital  signal  is  indicative  of  a  second  order  "signature"  of  the  drill  bit 

30  42  that  generates  periodic  pulses  at  frequencies  determined  according  to  whether  the  drill  bit  flutes  are  clean 
or  clogged.  The  pulses  can  be  detected  by  a  one  shot  integrated  circuit  244  which  is  presently  preferred  to  be 
a  74LS123  device  available  from  Texas  Instruments,  for  example.  If  the  pulse  frequency  is  greater  than  or  equal 
to  a  preselected  value,  for  instance,  once  every  6  milliseconds,  then  a  continuous  high  voltage  is  generated 
by  the  one  shot  244,  indicating  that  the  drill  bit  is  not  broken.  Otherwise,  if  the  pulse  frequency  is  less  than 

35  the  preselected  frequency,  a  continuous  low  voltage  is  generated  by  the  one  shot  244.  This  flute  detect  signal, 
provided  by  the  one  shot  244,  is  fed  from  the  circuit  200  across  the  line  78c  to  the  computer  202  for  data  proc- 
essing. 

The  computer  202  receives  the  digital  signals  corresponding  to  beam  detect  and  flute  detect  across  the 
lines  78a  and  78c,  respectively.  Note  that  the  beam  detect  signal  is  produced  by  the  prior  art  circuit  of  Figure 

40  6,  and  the  flute  detect  signal  is  produced  by  the  flute  detection  circuit  200  of  the  present  invention.  It  is  only 
through  the  combining  of  both  of  these  signals  that  a  clogged  bit  state  can  be  determined. 

The  following  logic  table  summarizes  the  signal  combinations  processed  by  the  computer  202  in  obtaining 
the  extended  state  of  the  drill  bit  42: 

45  Beam  Detect  Signal  Flute  Detect  Signal  Extended  Bit  State 

1  1  Drill  bit  clean 

0  1  Drill  bit  clogged 

50  0  0  Drill  bit  broken 

Note  that  the  combination  of  a  logical  high,  or  "1  ",  value  for  the  beam  detect  signal  and  a  logical  low,  or 
"0",  value  for  the  flute  detect  signal  is  undefined  and,  if  it  is  detected  by  the  computer,  will  result  in  an  error 
condition.  This  bit  state  detection  could  of  course  be  handled  by  a  simple  circuit  constructed  from  logic  gates. 
However,  the  state  detection  is  preferably  accomplished  in  the  computer  202  which  is  a  part  of  the  prior  art 
drilling  machine  14  (Figure  1).  For  instance,  the  CNC-6  model,  having  a  Zilog  Z8000  microprocessor,  or  the 
CNC-7,  having  a  Motorola  M680x0  microprocessor,  are  presently  available  with  the  drilling  machines  manu- 
factured  by  the  assignee  of  the  present  invention,  Excellon  Automation. 
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The  computer  202  preferably  sends  a  warning  message  to  the  video  display  204  when  the  drill  bit  is  clog- 
ged.  In  this  way,  the  drilling  machine  operator  (not  shown)  can  take  appropriate  action  if  the  bit  is  clogged. 
Such  an  operator  dependent  decision  allows  the  drilling  to  continue,  under  certain  circumstances,  and  thus 
prevent  "nuisance  stops"  of  the  drilling  machine.  For  example,  if  green  circuit  boards  are  being  drilled,  the  op- 

5  erator  may  choose  to  let  a  certain  number  of  boards  be  drilled  with  the  clogged  bit  before  the  machine  is  stop- 
ped  to  clean  the  bit.  On  the  other  hand,  if  the  drill  bit  is  broken,  the  drilling  machine  is  almost  always  stopped 
immediately,  whether  automatically  by  an  initialization  parameter  or  by  operator  intervention. 

Referring  generally  to  Figures  8,  9  and  10,  the  function  of  the  present  invention  is  more  fully  understood 
by  reference  to  example  waveform  diagrams  showing  certain  signals  of  the  laser  detection  circuit  of  Figures 

10  6  and  7  during  a  test.  The  illustrated  examples  show  an  analog  beam  signal  waveform  250,  an  AC  amplifier 
signal  waveform  252,  a  beam  detect  signal  waveform  254  and  a  flute  detect  signal  waveform  256.  With  ref- 
erence  back  to  Figure  7,  the  relevant  signals  are  obtained  as  follows:  the  analog  beam  signal  is  provided  on 
the  line  142;  the  AC  amplifier  signal  is  provided  at  the  output  pin  of  the  amplifier  214;  the  beam  detect  signal 
is  provided  on  the  line  78a;  and  the  flute  detect  signal  is  provided  on  the  line  78c.  The  waveforms  were  captured 

15  at  the  following  oscilloscope  resolutions:  waveform  250  -  200  millivolts/division,  waveform  252  -  5  volts/division, 
waveform  254  -  5  volts/division  and  waveform  256  -  5  volts/division.  Adrill  bit  having  a  .006  inch  diameter  was 
used  during  the  test. 

With  specific  reference  to  Figure  8,  the  waveforms  shown  are  representative  of  a  "drill  bit  clean"  state.  It 
will  be  observed  that  the  analog  beam  waveform  250  is  indicative  of  a  periodic  reflected  light  signal,  and  the 

20  periodicity  of  the  signal  is  related  to  the  spinning  drill  bit  wherein  each  flute  of  the  bit  causes  a  voltage  spike. 
The  waveform  250  is  smoothed,  filtered  and  amplified  by  the  circuit  200,  resulting  in  the  waveform  252  which 
is  now  ready  for  digitization.  The  digital  beam  detect  waveform  254  exhibits  a  pulsed  signal  having  low  voltage 
levels  when  the  threshold  of  the  beam  detect  circuit  (Figure  6)  is  not  exceeded,  indicating  a  non-flute  surface 
of  the  drill  bit  42.  The  digital  flute  detect  waveform  256  exhibits  a  pulsed  signal  having  a  relatively  higher  thresh- 

25  old  than  the  beam  detect  signal,  but  which  causes  pulses  of  the  same  frequency  as  the  waveform  254. 
Turning  to  Figure  9,  the  illustrated  waveforms  are  representative  of  a  "drill  bit  clogged"  state.  In  this  state, 

the  analog  beam  waveform  250',  although  periodic,  does  not  exhibit  the  voltage  spikes  that  are  characteristic 
of  a  clean  drill  bit.  As  a  result,  the  digital  beam  detect  waveform  254'  is  a  continuous  low  voltage  which,  without 
the  benefits  of  the  present  invention,  would  falsely  indicate  that  the  drill  bit  is  broken,  thereby  causing  the  drill- 

30  ing  machine  to  be  halted.  However,  the  amplified  signature,  i.e.,  the  AC  amplifier  signal,  indicated  in  Figure  9 
by  the  waveform  252',  exhibits  second  order  effects  of  the  drill  bit  flutes.  The  amplified  signal  provides  a  per- 
iodic  waveform  having  great  enough  amplitude  variation  that  it  may  now  be  thresholded  for  later  analysis.  This 
thresholded  signal  is  illustrated  in  Figure  9  by  the  flute  detect  waveform  256'.  Note  that,  in  this  example,  the 
one  shot  244  (Figure  7)  would  provide  a  continuous  high  voltage  signal  to  the  computer  202.  Thus,  in  the  ex- 

35  ample  of  Figure  9,  the  drill  bit  is  determined  to  be  present,  but  unclean  or  fouled,  by  the  computer  202. 
Lastly,  in  Figure  10,  the  illustrated  waveforms  are  representative  of  a  "drill  bit  broken"  state.  In  this  state, 

all  of  the  waveforms  250",  252",  254",  256"  indicate  continuous  low  voltage  signals,  which  correspond  to  the 
absence  of  a  drill  bit. 

Having  described  a  preferred  embodiment  of  the  invention,  it  will  be  apparent  to  those  skilled  in  the  art 
40  that  it  will  have  many  applications.  For  example,  it  can  be  used  in  a  similar  manner  to  detect  the  state  of  any 

machine  member  which  oscillates  upwardly  and  downwardly  in  a  single  plane  by  sensing  and  detecting  a  re- 
flected  light  beam  which  reflects  off  the  surface  of  the  member  in  a  frequency  related  to  the  frequency  of  os- 
cillations.  Also,  when  detecting  movement  of  non-reflective  surfaces,  a  reflective  tape  can  be  used  and  the 
laser  beam  focused  to  detect  reflections  from  the  reflective  tape.  It  will  also  be  observed  that  the  particular 

45  function  of  the  embodiment  may  be  changed  by,  for  example,  converting  the  detection  to  the  frequency  domain, 
so  long  as  the  second  order  effects  of  the  amplified  signal  are  detected.  All  such  modifications  and  variations 
are  intended  to  be  within  the  scope  of  the  appended  claims. 

so  Claims 

1.  A  sensor  for  detecting  the  state  of  an  object  in  continuous  repetitive  motion,  comprising: 
an  energy  source  for  generating  energy; 
means  for  focusing  the  energy  on  the  object; 

55  means  for  detecting  energy  reflected  from  the  object  as  a  signal; 
means  for  detecting  a  level  of  the  signal; 
means  for  amplifying  the  signal; 
means  for  detecting  a  level  of  the  amplified  signal;  and 
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means  for  processing  the  detected  signal  level  and  the  detected  amplified  signal  level  so  as  to  pro- 
vide  a  state  of  the  object,  wherein  the  state  is  at  least  one  of:  object  present  and  clean,  object  present 
and  unclean,  and  object  absent. 

2.  The  sensor  defined  in  Claim  1,  wherein  the  energy  source  includes  a  laser. 

3.  The  sensor  defined  in  Claim  1,  wherein  the  object  is  a  drill  bit. 

4.  The  sensor  defined  in  Claim  1  ,  wherein  the  means  for  detecting  energy  includes  a  photodiode. 

5.  The  sensor  defined  in  Claim  1  ,  wherein  the  means  for  detecting  a  signal  level  includes  a  comparator. 

6.  The  sensor  defined  in  Claim  1  ,  wherein  the  means  for  detecting  an  amplified  signal  level  includes  a  com- 
parator. 

7.  The  sensor  defined  in  Claim  6,  wherein  the  comparator  receives  a  predetermined  threshold  signal. 

8.  The  sensor  defined  in  Claim  1  ,  wherein  the  means  for  detecting  an  amplified  signal  level  includes  means 
for  detecting  a  predetermined  frequency. 

9.  The  sensor  defined  in  Claim  1,  wherein  the  means  for  processing  includes  a  computer. 

10.  The  sensor  defined  in  Claim  1,  wherein  the  means  for  processing  includes  a  means  for  displaying  the 
state  of  the  object. 

11.  A  sensor  for  detecting  characteristics  of  a  rotating  drill  bit  having  flutes,  comprising: 
a  laser  light  source  for  generating  laser  light; 
means  for  focusing  the  laser  light  on  the  rotating  drill  bill; 
means  for  sensing  light  reflected  from  the  flutes  of  the  rotating  drill  bit; 
signal  means  connected  to  the  sensing  means  for  indicating  the  presence  of  a  drill  bit;  and 
signal  means  connected  to  the  sensing  means  for  indicating  clogged  flutes  in  the  drill  bit. 

12.  The  sensor  defined  in  Claim  11,  wherein  the  sensing  means  includes  a  photodiode  coupled  to  an  amplifier. 

13.  The  sensor  defined  in  Claim  11,  wherein  the  means  for  indicating  presence  includes  a  voltage  comparator. 

14.  The  sensor  defined  in  Claim  11,  wherein  the  means  for  indicating  clogged  flutes  includes  a  selectable 
clamping  circuit. 

15.  The  sensor  defined  in  Claim  11,  wherein  the  means  for  indicating  clogged  flutes  includes  a  filter. 

16.  The  sensor  defined  in  Claim  11,  additionally  comprising  means  for  displaying  the  status  of  the  drill  bit. 

17.  The  sensor  defined  in  Claim  11,  wherein  the  means  for  indicating  clogged  flutes  is  receivably  connected 
to  the  means  for  indicating  presence. 

18.  A  method  of  rotating  bit  detection,  comprising  the  steps  of: 
transmitting  light  towards  a  bit; 
receiving  reflected  light  from  the  bit  as  a  signal;  and 
processing  the  signal  so  as  to  define  a  state  of  the  bit  wherein  the  state  is  one  of  at  least  the  fol- 

lowing  set  of  states:  (1)  bit  clogged  and  (2)  bit  broken. 

19.  The  detection  method  defined  in  Claim  18,  wherein  the  step  of  processing  the  signal  includes  the  steps 
of: 

comparing  the  signal  to  a  first  value; 
amplifying  the  signal;  and 
comparing  the  amplified  signal  to  a  second  value. 

20.  The  detection  method  defined  in  Claim  18,  additionally  comprising  the  step  of  displaying  the  bit  state. 

21.  The  detection  method  defined  in  Claim  18,  wherein  the  set  of  states  includes  a  bit  clean  state. 
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22.  The  detection  method  defined  in  Claim  18,  wherein  the  bit  is  a  router  bit. 

23.  A  method  of  detecting  the  state  of  an  object  in  rotational  motion,  comprising  the  steps  of: 
tracking  the  object  by  a  first  signal  related  to  the  frequency  of  rotation; 
thresholding  the  first  signal  with  a  first  selected  threshold  value; 
obtaining  a  second  signal  from  the  first  signal; 
thresholding  the  second  signal  with  a  second  selected  threshold  value;  and 
comparing  the  first  and  second  thresholded  signals,  thereby  detecting  the  presence  of  a  material 

on  the  object. 

24.  The  method  of  detecting  defined  in  Claim  23,  wherein  the  step  of  obtaining  a  second  signal  includes  am- 
plifying  the  first  signal. 

25.  The  method  of  detecting  defined  in  Claim  23,  wherein  the  object  is  a  drill  bit. 

26.  The  method  of  detecting  defined  in  Claim  25,  wherein  the  second  threshold  value  is  selected  such  that 
the  presence  of  material  on  the  drill  bit  is  only  detected  when  the  drill  bit  is  substantially  clogged. 

27.  A  drilling  machine,  comprising: 
a  spindle  for  providing  a  rotational  force; 
a  drill  bit  attached  to  the  spindle; 
a  worktable  positioned  under  the  axis  of  the  drill  bit  and  normal  thereto; 
a  pressure  foot  for  retaining  a  board  against  the  worktable; 
a  laser  mounted  inside  the  pressure  foot  for  directing  a  beam  of  light  at  the  drill  bit; 
a  photodiode  for  receiving  light  reflected  from  the  drill  bit;  and 
means  responsive  to  the  photodiode  for  detecting  that  the  drill  bit  is  clogged. 
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